Materials and methods
antibody used to immunoprecipitate and immunoblot PKBα was a mouse monoclonal antibody raised against residues 1-149 of human PKB and was purchased from Upstate Inc (05-591). RSK-Phospho S227-P (sc-12445) was purchased from Santa Cruz biotechnology. The following antibodies were purchased from Cell Signalling Technology and the catalogue number indicated: PKB phospho T308-P (#9275), PKB phospho S473-P (#9271), GSK3α/GSK3β phospho S21-P/S9-P (#9336), S6K1 phospho T389-P (#9205), Total S6 Protein (#2212), Phospho-Akt substrate antibody which recognises phosphorylated S6 Protein in ES cells (Zhang et al., 2002 ) (#9611), RSK Phospho S380-P (#9341), RSK phospho T573-P (#9346), Total ERK1/2 (#9102) and ERK1/2 phospho T202/Y204-P (#9101).
Phosphorylation of SGK1 at the Ser422 residue was monitored using the cell signals S6K1 phospho T389-P (#9205) antibody which we have previously shown cross reacts with this site on SGK1 . Secondary antibodies coupled to horseradish peroxidase were from Pierce.
Mouse monoclonal antibodies recognising GST were purchased from Sigma.
General methods and buffers. Restriction enzyme digests, DNA ligations, site directed mutagenesis, PCR, Southern Blotting and other recombinant DNA procedures were performed using standard protocols. All DNA constructs were verified by DNA sequencing which was performed by The Sequencing Service, School of Life Sciences, University of Dundee, Scotland using DYEnamic ET terminator chemistry (Amersham Pharmacia Biotech) on Applied Biosystems automated DNA sequencers. Lysis Buffer: 50 mM Tris-HCl pH 7.5, 1 mM EGTA, 1% (by mass) Triton-X 100, 1 mM sodium orthovanadate, 50 mM sodium fluoride, 5 mM sodium pyrophosphate, 0.27 M sucrose, 0.1 µM microcystin-LR, 0.1% (by vol) 2-mercaptoethanol and 'Complete' proteinase inhibitor cocktail (one tablet per 50 ml). Buffer A was 50 mM Tris-HCl pH 7.5, 0.1 mM EGTA, 0.1% (by vol) 2-mercaptoethanol.
Construction of the L155E knockin targeting vector.
A Bac clone containing the mouse genomic PDK1 sequence from a 129Sv mouse BAC library has been used to define the mouse intron/exon sequences of the kinase domain of PDK1 (Williams et al., 2000) . This revealed that the kinase domain of PDK1 commences at exon 2 and Leu 155 is located in exon 4. A knockin targeting vector was constructed to introduce a pMC1-neo-pA cassette flanked by loxP sites (floxed) (Gu et al., 1993) at the 5' end of exon 3 (see Fig 1A) . The 5' homology arm was constructed with two fragments: a HindIII fragment of 3.3kb containing exon 2 and a 1.7kb HindIII-NdeI fragment from the mouse PDK1 BAC clone. A 3.8kb NdeI-SacI fragment from the BAC clone containing exons 3 and 4 was used to construct the 3' homology region and the codon encoding for Leu155 (CTG) altered by mutagenesis to encode for a Glu (GAG). Appropriate linkers were used to introduce an EcoRV restriction site at the Hind III site 3' of exon 4. The PGK-TK-pA cassette was included at the 3'end of the 3' arm for negative selection (Fig 1A) . Further details of the sequence of this targetting construct are available by request. The final knockin construct was purified on a caesium chloride gradient and was linearised using NotI before electroporation.
ES Cell Targeting. E14 mouse embryonic stem (ES) cells (kindly provided by Dr H. van der Putten)
were grown in Dulbecco's modified eagle's medium containing high glucose supplemented with 15% foetal calf serum, 0.1mM non-essential amino acids, antibiotics (100 units penicillin G, 100 µg/ml streptomycin), 2 mM L-glutamine, 1 mM sodium pyruvate, 0.1 mM β-mercaptoethanol and 25 ng/ml Murine Leukaemia Inhibitory Factor. During the initial selections ES cells were maintained on a feeder layer of mitotically inactivated G418 resistant primary embryonic fibroblasts, derived from MTK-Neo mice (Stewart et al., 1987) . Targeting of the PDK1 gene to obtain PDK1 155Eneo/+ ES cells (Fig 1) was performed using standard procedures (Book edited by Joyner, 1993). Briefly, following electroporation, cells were plated in the absence of G418 for 48 h and then grown in the presence of 0.2mg/ml G418 and 2µM Gancyclovir (thymidine kinase negative selection) for 10-14 days. Colonies were picked and cultured in the absence of G418 and Gancyclovir. Targeted cell lines were identified by Southern blotting using an EcoRV digest of genomic DNA and a 1.4 kb probe that encompasses exons 5 and 6 (Fig 1) . 1% of cell lines screened were correctly targeted. In order to remove the neomycin cassette from the PDK1 155Eneo/+ ES cells to generate PDK1 155E/+ ES cells (Fig 1) , 1x10 7 PDK1 155Eneo/+ ES cells were transfected with 30µg pMC-CrePuro, which encodes for puromycin resistance and Cre recombinase, by electroporation using a Biorad GENE PULSER II, set at 240V and 500µF. The pMC-CrePuro plasmid was prepared by cloning the blunted AscI fragment of pKO SelectPuro (Stratagene) containing the puromycin gene under the PGK promoter, into the blunted HindIII site of pMC-Cre (Gu et al., 1993) . The cells were plated out onto gelatinised tissue culture plastic and puromycin was added to the medium at a concentration of 2µg/ml during days 2-4. On day 4 the cells were trypsinised and seeded at low density (1000 cells per 10 cm dish) and colonies were picked in duplicate into 96 well tissue culture plates. One plate was subjected to PCR analysis using Primers P1 (5'-CTATGCTGTGTTACTTCTTGGAGCACAG) and P2 (5'-AATAGCCAGGGCTACACAGAGAAACCTTTC) and the other plate used for expansion of positive ES cells. As outlined in Figure 1 the PCR yields a product of 200 bp for the wild type allele and a 330 bp product for the 155E allele in which the Neo has been excised. 80% of clones were positive for neomycin excision. The PDK1 155E/+ cells were then retargeted with the original knockin targetting construct to generate PDK1 155E/155Eneo ES cells, which were identified by southern blot using the EcoRV digest as described above (Fig 1) . The PDK1 155E/155Eneo ES cells were transfected with pMC-CrePuro and the homozygous PDK1 155E/155E knockin ES cells identified by PCR analysis as described above (Fig 1) .
Cell Culture, stimulation and cell lysis. PDK1 +/+ , PDK1 155E/155E and PDK1 -/-ES cells were grown on gelatinised tissue culture plastic in KnockOut DMEM containing 10% KnockOut SR supplemented with 0.1mM non-essential amino acids, antibiotics (100 units penicillin G, 100 µg/ml streptomycin), 2 mM L-glutamine, 1 mM sodium pyruvate, 0.1 mM β-mercaptoethanol and 25 ng/ml Murine Leukaemia Inhibitory Factor as described before (Williams et al., 2000) . The ES cells were cultured to 80% confluence on 15 cm diameter dishes and incubated for 4 h in KnockOut DMEM lacking serum.
The cells were then stimulated with the indicated agonists as described in the figure legends. The cells were lysed in 0.5 ml of ice cold Lysis Buffer, centrifuged at 4 o C for 10 min at 13,000 x g. The supernatants were aliquoted, frozen in liquid nitrogen and stored at -80 o C until use. Protein concentrations were determined by the Bradford method using bovine serum albumin as a standard.
Immunoprecipitation and assay of protein kinases. 500 µg ES cell lysate protein were used to immunoprecipitate PKBα, S6K1 and RSK isoforms. The lysates were incubated at 4 o C for 1h on a shaking platform with 5 µg of each antibody coupled to 10 µl of protein G-Sepharose. The immunoprecipitates were washed twice with 1 ml of Lysis Buffer containing 0.5 M NaCl, and once with 1 ml of Buffer A. (Alessi et al., 1996) . The assays were carried out for 30 min at 30 o C, the assay tubes being agitated continuously to keep the immunoprecipitate in suspension, then terminated and analysed as described previously (Alessi et al., 1995) . PDK1 was immunoprecipitated from 1 mg of ES cell lysate protein with the anti mouse PDK1 C-terminal antibody and the immunoprecipitates were washed and assayed as above, except that either T308tide (KTFCGTPEYLAPEVRR, 1mM) or PDKtide (KTFCGTPEYLAPEVRREPRILSEEEQEMFRDFDYIADWC, 10 µM) was used as the substrate (Biondi et al., 2000) and assays were performed for 1h. In all assays 1 mUnit of activity was that amount of enzyme that catalysed the phosphorylation of 1 pmol of substrate in 1 min. FKHR was immunoprecipitated from 4.5 mg of ES cell lysate protein employing 20µg of antibody was coupled to 40µl of protein G -Sepharose. The immunoprecipitations were performed and washed as above and the beads were resuspended in 85 µl of SDS sample Buffer and immunoblotted with FKHR antibodies as described below
Expression of GST-S6K and GST-SGK constructs in ES cells. DNA construct coding for GST-S6K
lacking the C-terminal 104 residues (Balendran et al., 1999) employed in Fig 4B, and GST-SGK and GST-SGK S422D both lacking the first 60 N-terminal residues have been described previously (Kobayashi and Cohen, 1999) . The 60 N-terminal amino acids of SGK encode for ployubiquitination sites and unless these are removed SGK cannot be expressed at significant levels (Brickley et al., 2002) . ES cells were grown to 90% confluence on 10 cm tissue culture dishes in Dulbecco's modified eagle's medium containing high glucose supplemented with 15% foetal calf serum, 0.1mM nonessential amino acids, 2 mM L-glutamine, 1 mM sodium pyruvate, 0.1 mM 2-mercaptoethanol and 25 ng/ml Murine Leukaemia Inhibitory Factor. Cells were then incubated in 5 ml of media for 5 hr, in the absence of serum and antibiotics, with 10µg of either GST-SGK or GST-SGK S422D plasmid that was Immunoblotting. Unless indicated otherwise, 25 µg of protein lysate in SDS Sample Buffer was subjected to SDS/polyacrylamide gel electrophoresis and transferred to nitrocellulose. For phosphospecific antibody blots the nitrocellulose membranes were immunoblotted at 4 o C for 16h using the indicated antibodies (1-2 µg/ml for the sheep antibodies or 500-fold dilution for commercial antibodies) in the presence of 10 µg/ml of the de-phosphopeptide antigen used to raise the antibody for sheep antibodies. The blots were incubated in 50 mM Tris/HCl pH 7.5, 0.15M NaCl, 0.2% (by vol)
Tween containing 5% (by mass) skimmed milk. For immunoblotting of total PDK1, PKBα, S6K1, RSK isoforms, GSK3α, GSK3β, ERK1/2, and S6 protein, the nitrocellulose membranes were immunoblotted for 2h at room temperature using the antibodies as above. Detection was performed using horse radish peroxidase conjugated secondary antibodies and the enhanced chemiluminescence reagent.
